Experimental
shows a schematic view of the AlGaN/GaN HEMT structure epitaxially grown on a diamond (111) substrate by MOVPE. Prior to the AlGaN/GaN heterostructure growth, we cleaned the surface of the diamond substrate at 1200 °C in H 2 to prevent the formation of an amorphous interfacial layer, which makes single-crystal AlN growth possible on diamond. After the thermal cleaning, a single-crystal 180-nm-thick AlN buffer layer was grown, followed by the growth of 20-period AlN (4 nm)/GaN (21 nm) multi-buffer and an AlGaN/GaN heterostructure consisting of a 600-nm-thick GaN layer, a 32-nm-thick Al 0.25 Ga 0.75 N barrier layer, and a 4-nm-thick GaN cap layer. The AlN/GaN multi-buffer was inserted in order to avoid crack formation in the AlGaN/GaN heterostructure. To increase the two-dimensional electron gas (2DEG) density in the AlGaN/GaN heterostructure, a 12-nm-thick Si-doped AlGaN layer with the Si concentration of 1×10 18 cm -3 was inserted in the AlGaN barrier layer. From X-ray diffraction symmetric 2θ/ω and φ (rotational angle) scans, we confirmed that a single-domain AlGaN/GaN HEMT structure was successfully grown. Then, we fabricated AlGaN/GaN HEMTs with Ti/Al/Ti/Au (25/100/50/100 nm) ohmic and Ni/Au (20/300 nm) Schottky contacts.
Results and discussion
To evaluate the electrical properties of the AlGaN/GaN heterostructure grown on diamond, we performed Hall effect and capacitance-voltage (C-V) measurements. At room temperature, the sheet resistance was 730 Ω/sq. with a sheet electron concentration of 1.2×10 13 cm -2 and an electron mobility of 780 cm 2 /Vs. In the temperature range from 150 to 450 K, the sheet electron density did not change much. On the other hand, the electron mobility increased with decreasing temperature and reached 2000 cm 2 /Vs at 150 K. This temperature dependence corresponds to that of the typical 2DEG in AlGaN/GaN heterstructures. In the electron density profile calculated from the C-V curve, electron accumulation was observed 36 nm below the surface. This distance value is the same as the total thickness of the GaN cap and AlGaN barrier layers (~ 36 The RF large-signal characteristics of an AlGaN/GaN HEMT grown on diamond were evaluated for the first time. Figure 4 shows the result of a power sweep at 1 GHz. L G and W G were 0.4 and 400 μm, respectively. At V GS of -1.5 V and V DS of 50 V, the maximum P out was 2.13 W/mm, the maximum power gain was 28 dB, and the power added efficiency (PAE) was 48 %. These results show that RF high-power operations can be obtained in the high-thermal-efficiency AlGaN/GaN HEMTs on diamond.
Summary
We achieved RF power operation with P out of 2.13 W/mm and PAE of 48 % at 1 GHz in AlGaN/GaN HEMTs directly grown on diamond for the first time. The high-thermal-efficiency AlGaN/GaN HEMTs on diamond will boast RF output power. 
